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ACU-SWMM

Automated Calibration and Uncertainty  (ACU) Analysis
for Storm Water Management Model (SWMM)

OVERVIEW

ACU-SWMM is asoftware packagdesignedor use with the EPA Star Water Management Model
(SWMM). It was designed primarily for use with combined sewer systdmse uncertainties from
multiple sources camake model calibration difficult arskverely impact the reliability of sewer flow
predictions. ACU-SWMM has two primary functions. First, it is intended for automated calibration

of SWMM models of urbanized basins. Second, it computes Control Volumes and uncertainty
bounds for combined seweverflow (CSO) volumes with anceperyearfrequency of occurrence.

The automated calibration features are not specific to combined sewer systems and may be used with
any SWMM basin model.

ACU-SWMM has four major modules. Two modules are for autedhaalibration and two modules
arefor conducting an uncertainty analysis éstimating theCSO control volume Detailed

descriptions of the computational procedures for automated calibration and uncertainty analysis will
not be presented here. The rexaid referred to Chapters 5 and 6 of @®&0 Technical Guidance
Manualfor a detailed description of the computational procedures. fufitagions of the four

modules are briefly described below.

Module 1 d Automated Calibration

Module 1of automated cddration includes all of the tasks for project description, file management,
data managemendentifying flow and depth meters used for calibration, identifying model
parameters used for calibration, setting sampling ranges of parameteraralueaducing numerous
simulations byexecuting the SWMM basin model in a batch mode.

Module 2 8 Goodness-of-Fit Measures

Module 2 of the automated calibration process includes computation of the numerical goddiness
(GOF)measures for comparison of recordedi computer simulated hydrographs, weighting the
relative importance of specific flow and depth meters and specific storm éwease incomputing
global GOF measurespmputation of globabOF measures reflecting the combined importance of
the variols meters and storms, sorting SWMM model parameter sets in orglebaf GOFmeasures
and viewing of comparisons of recorded and simulated hydrograpseléation of the begit model
parameter set.

Module 3 dUncertainty Simulation

Module 3 is thdirst component of the uncertainty analysisich includes conducting lorigrm
simulations. Recipitation scaling factorare computethat are used to scale the letegm 30year
precipitation timeserieswhich isused to mimic the variability in sewBow predictions arising from
four sources of uncertainty. The four sources of uncertainty for sewer flow predictions are:

9 representativeness of prior-§6ar precipitation timeeries relative to future precipitation
1 possible effects of climate change future precipitation timeeries

1 model uncertainty ithe SWMM computer model

1 residual uncertainties, aggregation of uncertainties from multiple sources.

MGS Engineering Consultants, Inc 1 AQUALYZE Inc.
Users Manual ACLBWMM - Draft July 19, 2010



Module 4 8 Control Volume Uncertainty

Module 4 is the second component of the uncertainty asalpsl is used for computing the best
estimate control volume and uncertainty bounds for the overflow volume with @erRgear
frequency of occurrence.

Operation of each of these four modules is described in the following sections.

OPERATION OF ACLSWMM

ACU-SWMM is startedby eitherClicking on the ACUSWMM icon shown on the list of programs
displayed afte€Clicking theMS WindowsStartbuttonor by doubleClicking on the ACUSWMM
icon on the desktop. When the program starts umita blank bluescreen iglisplayed ashown in
ScreerShotl. Clicking onFile initiates the droglown menu with the options ofeating a new
project opening an existing projeot exiting the program (Scre€hot 1).

2 - [5]x]

ScreenShot 1i Initial Screen Displayed pbn Program Stait/p

Creating a New ACU- SWMMProject
To create a new projedElick on NewProjectwhich brings up the data entry screen for setting the
project folder and for identifying the data management file (Se&den 2).

Important Note: All of the project files should be keptamproject folder to minimize pathing
problems. Before starting ACLEWMM, create a project folder on your hard drive. Put the SWMM
template(.INP) file along with the metef.CSV) files in the projectfolder. ACU-SWMM will store

the project database and results database fileg iprijectfolder along with the&sWMM inputfiles
from each simulation.

The data entry prompts shown on Scr&éot 2 are defined as follows:
Project Namé will be the filename for th&1S Accesslatabase file that stores project data

Project Folderi is thename of the foldecreated to storthe SWMM template (.INP) file, meter
(.CSV) files, the project database, simulation results database, and all other project files

CSO Basiri is a textfield that isused in project reporting

Simulation Results Database Filas the MS Accesdlatabasdile used to store the sampletbdel
parametevaluesand goodnessef-fit results. This must be a different filename than the project
name above andrecome nd a daud ngo it h e p nodifferentiate infeomie f 1 | e
project databaske

SWMM Template Filé is the SWMMtemplate(.INP) file used byACU-SWMM to creatanput
files for each simulation

Notesi is a text field usefobr user convenigce and displayed iproject repod
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New ACU-SWMM Project 3

Project Information

Project Name: Montlake20
Project Folder: CAlUsers\Bruce\Montlake20W
C30 Basin: Montlake 20 calibration

Simulation Results Database File:

o Create New File

1

- ) CiUsers\Bruce'\Montlake20\MontLake20_Out mdb
Lse Existing File =

SWMM Template File: CilUsers'\BrucelMontlakeZ0MMONTLAKE_040710.inp

U

Motes:

< | ok |[)cance |
prd

B ——

ScreenShot 2i Data Entry Screen for New Project

When data entry is complet€lick OK and the relevant database files are created or connected,
and the SWMMemplate (.INPJile is read by the program. In tligase Montlake20.mdlmolds

the simulation settings (sampling parameters, meter information, et®)@mthke20_Out.mdb

will hold the sampled parameters and gooditdd#t resultsfrom each simulationACU-SWMM

will then display the standard screen fotrftacreenShot 4) where the left panel provides
connection to the four modules and the options for a given modulepahieds on the right are the
working area whereurrent operations are active

Opening an Existing ACU-SWMM Project

To open an exisig project,start ACU-SWMM and therClick File> Open Navigate to the project
folder and slect the project filéo open MS Accesandb file). In this example, the project file would
be Montlake20.mdl{ScreerShot 3) Theproject database and resudetabase files will beonnected
automaticallyand ACUSWMM will display the standard scre®rich consists of a navigation panel
on the left and data entry screens on the (g§beenShot 4).
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=

ScreenShot 3i Listing of Files in Project Folder f@pening an Existing Project

MODULE 16 AUTOMATEDCALIBRATION
The Automated Calibration module hasdmponentsvhich are used tprovide all of the data and
information necessary for conducting simulations of the SWMM basin model. Tleesgpbnents
arelistedin the upper left corner of the left panel (Scr&ot 4) and are selected by a click of the
mouse. The functionality of each of the fis@mponents islescribed below.

Define Simulation Data

TheDefine SimulatioDatacomponenprovides thebility to identify where the flow and depth
meters are locatad the sewer systeffor use in model calibrationThe links and nodes where flow
and depth meters may be located are listed in a tree structure in theefépienel (Screeishot 4).

Flow meters are typically located within conduits (links). Depth measurements may be part of the

flow meter assembly and located in a conduit or may be part of-daptimetes which are often
locatedat access holes, weirs, storage tanks (nodd®).treestructure is created automatically by
reading the SWMM input (.INP) template file and may be expanded or collapsed witlothie

button.

Definemeter locations bipragging the elementhere the meter is located on the ceffeéirpanel to
either the Flow CalibratiofPanelor Depth CalibratiorPanel on the righ¢(ScreerShot4b). The
elemenwill automatically attach to the appropriate node or.link
In ScreerShot4b, flow meters for model calibration are seen to be locat&NMM conduits
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03-039_031038 and 031384 031381 To remove a selected element, rigtk onthe element
andSelectRemove Whencomplete Click Save Selectiorts save them to the project file

CU - SWMM [Montlake20]

File

Automated Calibration

Define Subcatchment Groups
Parameter Sample
Run Simulations

‘Automated Calibration

Goodness of Fit

Uncertainty Simulation

Control Volume Uncertainty

Define Simulation Data

Select L Corresp g to Meters for Calibration
All Nodes /Links Selected for Flow Calibration Selected for Depth Calibration
- Nodes - Nodes - Nodes
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. Dividers - Dividers Dividers
. [ Storage Units " Storage Units
: - ST03-382 B Links
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[ Discard changes | [ save Selections |

ScreerShot 41 Standard Screen Format and Working Panel for Automated Calibration Options

Z ACU - SWMM [Montlake20]
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ScreerShot 4bi Defining Elements Where Flow Meters and Depth Meters are Located
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Define Recorded Data

TheDefineReordedata component provides the ability tonnect the meter data file and to set
meter characteristic€licking on theDefineRecorde®ata labelopens thelata entry screen for

defining the recorded meter datc(eerShot5a).

Click theRecorded Dt File Buttonin the centetop of the screeto open thescreen for
selecting the data fild$ScreerShot5b). Use thisdata entry screeto define the recorded data file
for the selected model element. Navigate to the project faltHdrag the CSVfile from the
project folder windowon right(ScreerShot5b) to theData Filefield at left. The headers in the
.CSVfile will automaticallyloaded into the list date/time and data field boxes. Make sure to
choose the correct field for the date/time dath fields before selecting OK.

Repeat this process for the other meter(s) in the project.

& ACU - SWMM [Montlake20]

[ o[E0  S

File

Automated C._. Define Recorded Data

Model Element

Define Simulation D Element Type Calibrate Flow Calibrate Depth

Recorded Data
Meter ID File

Flow Field Name

Depth Field Name

Time Step (min)

Missing Data
Value

Calibration
Threshold

Define Recorded Dl [031-039 031038 Link

7
Deifge Subcatchme| 031384 031381 Link o
Pafameter Sample

n Simulations

999.00
999.00

0.00
0.00

ScreenrShot 5a Defining Elements Where Flow Meters and Depth Meters are Located

Select Flow Field:
Flow_Edited

Select Depth Field:

I

[ |
Select Recorded Data File &J
Data File: . Montlake20 ~-@ © i B
C\Users\Bruce\Montlake20MWON20_031-03TA cav Mame Size Type
Select Date/Time Field: = MON20_031-037A.csv 49MB Microsol
DateTime_Raw - @I‘\JON%_US‘I—SBWACSV 4.2MB Microsol

7~ ™
)

. ——

— |

ScreenShot 5bi Defining Elements Where Flow Meters and Depteters are Located
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After defining the recordedata filesthe followingmeter characteristidgelds (ScreerShot5c)
are entered

Meter IDT The Meter ID @pears on subsequent screens to identify the meter

TimeSepi Time step(minutes)of therecordeddata

Calibration Threshold The calibration threshold defines the minimum flow rate or minimum
depth to be used in computing goodrekfit (GOF) measures for model calibration. Only values

above the threshold are used in the GOF computatibimsmeasuremeninitsfor thecalibration
threshold are the same units as the recoddéal mgd for flow and feet fodepth

Click Save Changeshen finished entering meter complete.

% ACU - SWMM [Montlake20] =
File
Define Recorded Data
Automated C...
g Recorded Data . . . - Missing Data Calibration
Define Simulation D) del Element Element Type Calibrate Flow Calibrate Depth Meter 1D File Flow Field Mame | Depth Field Name | Time Step (min) Value Threshold
iDefine Recorded D2 | p pg 031038 Link v Mon20_031-0374  C:\Users\Br... | Flow_Edited 5 999,00
Define Subcatchme|| b4 031381 Link Ed Mon20_031-381A  C:\Users\Br. | Flow_Edited 5 999,00 0.30
Parameter Sample
Run Simulations T T T

ScreerShot 5¢i Data Entry of Fields for Recorded Meteata Characteristics

Define Subcatchment Groups

Calibration Parameters aappliedon a subcatchment levelt is common that the same calibration
parameter values are to be assigned to multiple subcatchressigning of calibration parameter
values tosubcatchments sccomplished by definin§ubcatchment Grou@sdincludingmultiple
subcatchments to each group.

Manual Method of Defining Subcatchment Groups

Subcatchment ®Bup Namesarecreatedoy entering the subcatchment group name into

the Add Subcatchment Grobiametext box and ClickingAdd ScreerShot6a shows where the
subcatchment group namesBxildingsandParcelswere created and are now listed in teater
left panel.

Subcatchments are then assigned to Subca&ich@roups by selecting multiple subcatchments in
the centerright panel and Dragging them into the appropriate Subcatchment Group in the center
left panel as seen tBcreerShot6b. Click Save Changeshen finished.

PreDefinedSubcatchment Groups

Subatchments may also be assigne&tdcatchment Grgs using a predefined list created

during the construction of the SWMM basin model. Thedafned subcatchment groups and
associated subcatchments are loaded fraG&¥ file located within the projedblder. This is
accomplished by Clicking on thevadbutton which brings up the files located in the project
folder. Selecting theCSV file of group names and Clicking on Open will load the subcatchments
and subcatchment groups into the cetdérparel. Click Save Changeshen finished.
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4 ACU - SWMM [Montlake20] — E@g]

File

Mchment Groups /\

Subcatchment Groupy All Subcatchments N
-~ Buildings BLD_030-242 @New Subcatchment Group:
Defne Recorded Data._ \_[| P2 s
iDefine Subcatchment Group™ BLO_030-245
Parameter Sample BLD_030-246
Run Simulations BLD:DBELZW
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BLD_030-250 an external .csv file:
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BLD_031-006
= ¥ BLD_031-008

#  BLD_031-011
BLD_031-012
B BLD_031-015
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BLD_031-017
BLD_031-018
BLD_031-019
BLD_031-022
BLD_031-023
Automated Calibration BLD_031-034
BLD_031-039
BLD_031-042
BLD_031-043
BLO_031-044
BLD_031-045
aIn not nss

Automated Calibrati

v

Define Simulation Data

Add

Goodness of Fit

Uncertainty Simulation

Control Volume Uncert...

I - [ Discard Changes H Save Changes

ScreerShot &1 Example of Defining Subcatchment Group Names
Available Subcatchments are Listed in CeiiReght Panel

4 ACU - SWMM [Montlake20] eSS

Filz

Define Subcatchment Groups

Groups All
Define Simulation Data ElParcels, Add New Subcatchment Group:
Define Recorded Data g o=s

; : C_030-243
Define Subcatchment Groups! C_030-248 Add

rameter Sample ~C_030-245
Run Simulations - C:u;ﬂz.m - \
-~ C_030-247
C_030-242 Load Subcatchment Groups from
-C_030-248 an external .csv file:

- C_030-250 Load
-C_030-499

t €_031-003 T
L - C_031-006 b

Automated Calibration

-C_031-008
E ~C_031-011
i €_031-012 b
C_031-015
-C_031-016
- C_031-017
©_031-018
€_031-018
Automated Calibration - C_031-022
- -£_031-023
Goodness of Fit -C_031-034
©_031-038
- C_031-042

- £_031-043
Contrel Volume Uncert... e

- Discard Changt Save Changes
‘\

Uncertainty Simulation

ScreenShot 6bi Assignment of Subcatchments to Subcatchment Groups is Complete
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Parameter Sample

The automated calibration procedure utilizes a Monte Carlo sampling approach similar to that used in
the Generalized Likelihood Uncertainty Estimation (GLUE) approach initially developed by Bevin

and Binely. Additional information on tis approach is described in the CSO Technical Guidance
Manuaf. TheParameter Sampleomponent is used to identify the probability distribution, and
minimum and maximum values of the model parameters that will be used in automated calibration.
As discused in the prior section, the model parameters used for calibration are associated with

Subcatchment Groups and those groups are identified here.

Adding Model Parameters for Calibration

MGS Engineering Consultants, Inc 9
Users Manual ACLBWMM - Dratft

TheCalibrationModel Parameters and Sampli@dparacteristicare déined byfirst Clicking the

green plus sigicon (ScreerShot7a). Select thelesired modgbarameter from the list box, and

identify asubcatchment groufscreerShot7b). Select the probability distribution for sampling

and that selection will causesticorrect sampling property text entry boxes to activate (minimum

and maximum or mean and standard deviation). Use the keyboard to enter the desired values in the
sampling property fieldsTheRed Xicon remains illuminated until the selections are savidter

all of the data fields are deemed satisfact@ligk the Floppy Discicon tosave the data which will

be displayed in the upper parigcreerShot7b). This process is repeated for eaombination of

model parameter and subcatchment group.

o ACU- S _[c]X|
File
I . . || Define Parameters
Automated Calibration o = _ o]
~
s = [ :
Define Siiulation Data Parameter Subcatchment Group Distribution Type Minimum ‘ Maximum Mean Std. Dev.
Define Re Data | 5ubcaMhment % Impervous (%) MON139_031-3104_B  Uniform 50,000 100,000 0.000 0.000
ne S nt Groups : )i Subcatghment % Impervious (%) M ON139_031-3104_P Uniform 0.000 100.000 0.000 0.000
ftchment % Impervious (%) M ON140_031-0024_B  Uniform 50.000 100,000 0.000 0.000
| Subcatchment % Impervious (%) A ON140_031-0024_P  Uniform 0.000 100.000 0.000 0.000
| Subcatchment % Impendous (%) MON20_031-0374_Bu  Uniform 50.000 100.000 0.000 0.000
_|5Subcatchment % Impervious (%) MON20_031-0374_Pa  Uniform 0.000 100.000 0.000 0.000
.| Groundwater Flow Coefficient, A1 MON139_031-3104_P Uniform 0.050 0.100 0.000 0.000 v
[1}]J(«] Record 2 of 12 DD
T -
: Berimeter Definition
[
Parameter Hame: Sul in sel Group:
Subcatchment Group: 28
L e Sampling Distribution:
Automated Calibration Minimum:
Goodness of Fit Maximum:
Uncertainty Simulation
Control Volume Uncertainty A

ScreerShot 7a Screen for Setting Model Parameters
and Sampling Characteristics for Automated Calibration
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Deleting Previously Selectéddodel Parameters for Calibrati

Removalof any of the previously selected model parameters is accomplished by first marking the
model parameter to be edited. This is done by Clicking on the index button to the left of the
parameter (upper panel) which marks the record with a blaokepo Right clicking provides a
selection taemove the parameteRemoval of multiple parameters is accomplished by first
highlighting the records to be removed and then right Clicking and confirming deletion of the
records.

Editing Model Parameterof Calibration

Editing of theany of the model parameters is accomplished by first marking the model parameter
to be edited. This is done BJicking on theindex button to the left of the paramegepper
panel)which marks the record with a black point€licking on the yellowPad and Penciicon

then allows access to editing the parameter sampling characteristics as the boxes in the lower
panel are activated. After changes are made, click oRldip@y Discicon to save the changes.

ScreenShot 7bi Screen for Adding or Editing Model Parameters and Sampling Characteristics

Run Simulations

TheRun Simulationsomponent provides the ability to sample the model parameters and to view the
sample values. It also provides the ability to sammenbdel parameters and to execute the EPA
SWMM model in a batch modelhis allows numerous simulations to be conducted without
interaction from the analyst.

A number of inputs must be provided before sampling of modeling parameters or executing
simulations for automated calibration. The inputs for conducting simulations include.

Simulation Namé& Computer generated name produced wherstraple and Rubutton is
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